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Abstract
Introduction Disease activity in patients with rheumatoid
arthritis (RA) is associated with increased cardiovascular
morbidity and mortality, of which N-terminal pro-brain natriuretic
peptide (NT-proBNP) is a predictor. Our objective was to
examine the cross-sectional and longitudinal associations
between markers of inflammation, measures of RA disease
activity, medication used in the treatment of RA, and NT-proBNP
levels (dependent variable).
Methods Two hundred thirty-eight patients with RA of less than
4 years in duration were followed longitudinally with three
comprehensive assessments of clinical and radiographic data
over a 10-year period. Serum samples were frozen and later
batch-analyzed for NT-proBNP levels and other biomarkers.
Bivariate, multivariate, and repeated analyses were performed.
Results C-reactive protein (CRP) levels at baseline were cross-
sectionally associated with NT-proBNP levels after adjustment
for age and gender (r2 adjusted = 0.23; P < 0.05). At the 10-
year follow-up, risk factors for cardiovascular disease were
recorded. Duration of RA and CRP levels were independently
associated with NT-proBNP in the final model that was adjusted
for gender, age, and creatinine levels (r2 adjusted = 0.38; P <
0.001). In the longitudinal analyses, which adjusted for age,
gender, and time of follow-up, we found that repeated measures
of CRP predicted NT-proBNP levels (P < 0.001).
Conclusion CRP levels are linearly associated with levels of NT-
proBNP in cross-sectional and longitudinal analyses of patients
with RA. The independent associations of NT-proBNP levels
and markers of disease activity with clinical cardiovascular
endpoints need to be further investigated.
Introduction
Patients with rheumatoid arthritis (RA) have a two- to three-
fold increase in cardiovascular mortality and morbidity [1,2].
Several studies have reported an association between dis-
ease activity and cardiovascular mortality [3-5]. Population-
based studies have also shown an increased prevalence of
congestive heart failure (CHF) in patients with RA compared
with healthy controls and patients with osteoarthritis [6,7].
Measures of disease activity and severity such as C-reactive
protein (CRP), disability index, pain, and global severity are
associated with an increased odds ratio for both concurrent
and subsequent CHF [6,8].
The level of N-terminal pro-brain natriuretic peptide (NT-
proBNP) predicts cardiac mortality and morbidity in the gen-
eral population as well as in cohorts of patients with heart fail-
ure and stable coronary heart disease [9-12]. NT-proBNP, the
biologically inactive N-terminal fragment of the active hormone
BNP, has a longer half-life than the active hormone and is a via-
ble biomarker of cardiovascular disease (CVD) [13]. In the
healthy heart, the main site of BNP production is in the atrial
cardiomyocytes, but as the heart fails fetal gene programs are
AIMS1 = Arthritis Impact Measurement Scales 1; anti-CCP = anti-cyclic citrullinated peptide antibody; BMI = body mass index; BNP = brain natriu-
retic peptide; CHF = congestive heart failure; CI = confidence interval; COX-2 = cyclooxygenase-2; CRP = C-reactive protein; CVD = cardiovascular 
disease; DAS28 = disease activity score of 28 joints; DMARD = disease-modifying anti-rheumatic drug; ELISA = enzyme-linked immunosorbent 
assay; HAQ = Stanford Health Assessment Questionnaire; NSAID = non-steroidal anti-inflammatory drug; NT-proBNP = N-terminal pro-brain natriu-
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activated and the ventricular myocardium becomes the main
site of BNP production, releasing the peptide in response to
stretch or ischemia [9,14].
The associations between clinical and laboratory markers of
RA disease activity and levels of NT-proBNP have not been
examined. There is also a lack of knowledge on the relationship
between exposure to drugs used in the treatment of RA (glu-
cocorticoids, disease-modifying anti-rheumatic drugs
[DMARDs], non-steroidal anti-inflammatory drugs [NSAIDs],
and cyclooxygenase-2 [COX-2] inhibitors) and NT-proBNP
levels in patients with RA. Our objective, therefore, was to
examine the cross-sectional and longitudinal associations
between markers of inflammation, RA disease activity, medica-
tion used, and NT-proBNP levels (dependent variable).
Materials and methods
Patients
We followed 238 patients with RA of less than 4 years in dura-
tion longitudinally with comprehensive assessments of clinical
and radiographic data at baseline and after 5 and 10 years
[15]. The patients had all been recruited to the EUropean
Research on Incapacitating DIsease and Social Support
(EURIDISS) project, which was initially established in 1991.
The project has been approved by the Norwegian Regional
Committee for Research Ethics. All patients have signed an
informed consent form on inclusion and at each follow-up
assessment. At baseline, mean (range) age was 51.6 years
(23 to 70), mean (standard deviation, SD) disease duration
was 2.3 years (1.2), and 73.5% were female. Serum samples
were collected from 237 patients at baseline, 126 patients
after 5 years, and 145 after 10 years. Eighty-nine patients
were lost to follow-up at the 10-year visit (42 declined to par-
ticipate, 5 had moved out of the area, 35 had died, and 7 gave
other reasons not to participate).
Measures of disease activity
Disease activity was measured by joint tenderness, which was
assessed at all examinations, and the Ritchie score was calcu-
lated [16]. Swollen joint counts were included at the 5- and
10-year assessments; that is, the disease activity score of 28
joints (DAS28) was not available from the baseline visit [17].
Surrogate measures of cumulative disease activity were health
status and joint destruction. Health status was measured by
the self-administered Stanford Health Assessment Question-
naire (HAQ) and the Arthritis Impact Measurement Scales 1
(AIMS1) [18,19]. Joint destruction was measured by radio-
graphic damage of the hands and scored according to the van
der Heijde modified Sharp criteria (referred to below as the
Sharp score) [20]. Comorbidities were recorded by a trained
study nurse at the 5- and 10-year follow-ups using a checklist
modified from AIMS1 concerning the presence of 16 possible
comorbidities. One of these items addresses the presence of
angina, myocardial infarction, or other cardiac diseases. At the
10-year follow-up, known risk factors of CVD (hypertension,
cholesterol, smoking, and creatinine) were also recorded. The
use of NSAIDs, DMARDs, and glucocorticoids was recorded
by the study nurse at all assessments (the use of COX-2 inhib-
itors was recorded only at the 10-year follow-up).
Biomarkers
NT-proBNP was measured using a Modular E 170 device
(Roche Diagnostics, Mannheim, Germany). The erythrocyte
sedimentation rate was analyzed by the Westergren method at
the time of examination, whereas the other biological markers
were analyzed from frozen serum or plasma anti-cyclic citrulli-
nated peptide antibody (anti-CCP) by enzyme-linked immuno-
sorbent assay (ELISA) (Inova Diagnostics, San Diego, CA,
USA) and CRP by phyCardioPhase high-sensitivity CRP
nefelometri (Dade Behring, now part of Siemens AG, Munich,
Germany). Rheumatoid factor (RF) IgM was analyzed using
the ELISA method [21].
Statistical analyses
NT-proBNP levels were dichotomized according to the
national gender- and age-adjusted reference levels modified
from Roche Diagnostics guidelines [22] (female: < 50 years of
age, NT-proBNP ≤ 20 pmol/L; 50 to 70 years of age, ≤ 30
pmol/L; > 70 to 80 years of age, ≤ 100 pmol/L, and > 80 years
of age, ≤ 200 pmol/L; male: < 50 years of age, NT-proBNP ≤
10 pmol/L; 50 to 70 years of age, ≤ 20 pmol/L; > 70 to 80
years of age, ≤ 60 pmol/L, and > 80 years of age, ≤ 100 pmol/
L). Groups were compared using the χ2 and Mann-Whitney U
tests as appropriate.
In the regression analyses, NT-proBNP was entered as a con-
tinuous dependent variable and was log-transformed to obtain
normality. The presented β-coefficients have been trans-
formed from the log value. All other variables were entered
untransformed, and all analyses were adjusted for age and
gender. The baseline cross-sectional associations between
demographic, disease activity, and severity variables (gender,
age, CRP, Sharp score of hands, Ritchie score, HAQ disease
duration, RF IgM, anti-CCP, and use of DMARDs, steroids, or
NSAIDs) and NT-proBNP levels were explored in bivariate lin-
ear regression analyses. Variables that were associated (P <
0.10) with NT-proBNP were then entered into a multivariate
linear regression model and subsequently removed in a step-
wise manner according to levels of significance. These ana-
lytic procedures were also applied to the cross-sectional data
from the 10-year follow-up examination, which gave the oppor-
tunity of controlling not only for cardiovascular risk factors,
including body mass index (BMI) and creatinine levels, but also
for the presence of self-reported CVD.
Mixed model linear regression was used to examine longitudi-
nal associations [23]. This is a longitudinal linear regression
analysis that controls for multiple testing of the same patient
by modelling the covariance between the repeated measure-
ments of each individual as a clustered random effect. AnAvailable online http://arthritis-research.com/content/10/3/R70
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unstructured covariance matrix was used in our analysis
assuming that the correlation for each level of within-subject
factors is different. The intra-subject variance is then used to
calculate the standard error of the regression coefficient. The
mixed model procedure deals with missing values by assum-
ing them to be missing at random without removing the individ-
ual from the dataset. We investigated the change in NT-
proBNP levels over time and examined associations between
measures of inflammation, RA disease activity, medication
taken, known CVD risk factors, and NT-proBNP (dependent
variable). All analyses were performed using SPSS version 14
(SPSS Inc., Chicago, IL, USA). P values of less than 0.05 were
considered significant.
Results
At baseline, 35 patients had pathological levels of NT-proBNP.
Disease characteristics were similar between these sub-
groups (normal versus elevated NT-proBNP), although the
group with elevated NT-proBNP levels had significantly higher
CRP levels (Table 1). CRP levels at baseline were significantly
associated with NT-proBNP in the linear regression analyses
(Table 2). This significant association was also maintained in
the multivariate linear regression analyses, which included the
interaction between age and gender as an effect modifier. The
use of DMARDs, NSAIDs, or glucocorticoids was not signifi-
cantly associated with NT-proBNP levels. The analysis was
repeated with glucocorticoid use dichotomized according to a
dosage greater than or less than 7.5 mg (P = 0.189).
At the 10-year follow-up examination, age, gender, BMI, creat-
inine, CRP, and disease duration were significantly associated
with NT-proBNP levels (Table 3). Consistent with our baseline
analyses, CRP and NT-proBNP levels remained significantly
associated in the multivariate analysis. The significant associ-
ation between disease duration and NT-proBNP levels was
also maintained. The model was also valid if self-reported CVD
was entered as a covariate (β coefficient for CVD 1.65, 95%
confidence interval [CI] 1.15 to 2.37; P = 0.007). The pres-
ence of hypertension, smoking status, and prevalent use of
glucocorticoids, DMARDs (including subgroups of tumor
necrosis factor [TNF] inhibitors and methotrexate users),
COX-2 inhibitors, or NSAIDs was not significantly associated
with NT-proBNP levels (data not shown).
In the repeated mixed model analysis, several markers of dis-
ease activity were associated with NT-proBNP levels, but after
multivariate adjustment for time of follow-up, only CRP
remained a significant predictor in the final model (Table 4).
NT-proBNP levels increased between each follow-up visit and
the interactions between age and gender and gender and time
of follow-up were significant effect modifiers. The model
remained significant if self-reported CVD at the 10-year follow-
up was entered as a covariate (β coefficient for CVD 1.48,
95% CI 1.11 to 1.98; P = 0.008).
Discussion
NT-proBNP has been shown to be an independent predictor
of cardiovascular morbidity and mortality [9-11], and disease
activity in RA correlates with mortality, CVD, and CHF [5,6].
Hence, it is of interest to investigate how markers of inflamma-
tion and disease activity are related to NT-proBNP in a longi-
tudinal perspective. We found significant cross-sectional and
longitudinal associations between CRP and levels of NT-
proBNP in this cohort of RA patients with less than 4 years of
disease duration at inclusion. CRP remained an independent
predictor of NT-proBNP levels after controlling for known car-
diovascular risk factors and the presence of self-reported CVD
at the 10-year follow-up and in the longitudinal analyses.
Table 1
Baseline characteristics with comparison between patients with pathological versus normal levels of NT-proBNP
All patients NT-proBNP-negativea n = 202 NT-proBNP-positivea n = 35 P value
Age, years 51.9 (13.0) 51.4 (12.9) 54.3 (13.7) 0.17
Female gender 175 (73.5) 151 (74.8) 23 (65.7) 0.26
Disease duration, years 2.3 (1.2) 2.2 (1.1) 2.4 (1.3) 0.41
RF IgM-positive, ≥ 25 114 (47.9) 97 (48.0) 16 (45.7) 0.80
Anti-CCP-positive, ≥ 25 144 (60.5) 125 (61.9) 18 (51.4) 0.24
Sharp score 6.8 (11.8) 6.8 (12.3) 6.5 (8.1) 0.20
C-reactive protein, mg/L 9.9 (12.7) 9.2 (11.8) 13.9 (15.8) 0.05
DMARD user 124 (52.1) 104 (51.5) 19 (54.3) 0.76
NSAID user 109 (45.8 92 (45.5) 17 (48.6) 0.74
Glucocorticoid user, oral 65 (27.2) 51 (25.2) 14 (40) 0.07
Values are presented as mean (standard deviation) for continuous variables and as number (percentage) for counts. aAge- and gender-adjusted reference levels. anti-
CCP, anti-cyclic citrullinated peptide antibody; DMARD, disease-modifying anti-rheumatic drug; NSAID, non-steroidal anti-inflammatory drug; NT-proBNP, N-terminal 
pro-brain natriuretic peptide; RF, rheumatoid factor; Sharp score, van der Heijde modified Sharp criteria.Arthritis Research & Therapy    Vol 10 No 3    Provan et al.
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Our findings are intriguing as the relationship between BNP/
NT-proBNP values and the risk of CVD may not be dependent
on a threshold value of BNP/NT-proBNP but rather represents
a continuum [11,24]. Wang and colleagues [11] found that a
single measurement of BNP provided prognostic information
in an unselected population of 3,346 persons without heart
failure followed for a mean of 5.2 years. An increase of BNP
levels by 1 SD was associated with a 77% increased risk of
developing heart failure and a 28% increased risk of a first car-
diovascular event [11]. BNP has been validated as a marker of
CVD in patients with RA. Harney and colleagues [25] found
that BNP levels were significantly higher in 26 patients with
RA than in controls and correlated with end diastolic volume
(r2 = 0.83), end systolic volume (r2 = 0.62), and left ventricular
mass (r2 = 0.4). Levels of NT-proBNP have been found to cor-
relate closely with BNP (r = 0.9; P < 0.001) [24].
Increased levels of inflammatory markers are associated with
an increased risk of cardiovascular morbidity and mortality
[26,27]. We found that CRP was significantly associated with
levels of NT-proBNP at all time points. Flares in inflammatory
activity might be better predictors of cardiovascular events
than long-term exposure to low-grade inflammation. Indeed,
there is evidence that the initiation of CHF in RA patients is
preceded by a flare in disease activity [8]. Radiographic pro-
gression and the HAQ score are surrogate measures of cumu-
lative disease activity, although we acknowledge that there are
wide inter-individual variations [28-31]. We found no signifi-
cant association between these measures and NT-proBNP
levels in our multivariate longitudinal analyses. Previous
reports on the association between joint destruction and CVD
in RA have been inconsistent; Wållberg-Jonsson and col-
leagues [5] demonstrated that early progression of erosions
increased the risk of cardiovascular events. Solomon and col-
leagues [1], on the other hand, did not find that joint erosions
were significantly associated with cardiovascular death or
myocardial infarction in multivariate analyses. However, we did
find disease duration to be significantly associated with NT-
proBNP levels at the 10-year cross-sectional analysis. As all
patients had a disease duration of 4 years or less at inclusion,
the correlation with NT-proBNP levels after 10 years is difficult
to interpret. A link between RA disease duration and increased
CVD risk can be questioned. In the Rochester cohort, no asso-
ciation was found between risk of heart failure or cardiovascu-
lar death and RA disease duration [7,32], nor did Book and
colleagues [33] find an association between disease duration
and mortality.
To our knowledge, no previous study has examined the asso-
ciation between markers of inflammation in RA and BNP/NT-
proBNP. It could be argued that the association between CRP
and NT-proBNP identified in our study is a consequence of the
inflammatory nature of ventricular remodelling. Patients with
RA are not only exposed to systemic inflammation from their 
Table 2
Cross-sectional associations at baseline between NT-proBNP (dependent variable) and rheumatoid arthritis disease activity
Adjusted linear regression Multivariate linear regression
β coefficient P value β coefficient P value
Age 1.02 (1.01–1.03) < 0.001 1.009 (1.00–1.02) 0.04
Male gender 0.74 (0.59–0.95) 0.02 0.10 (0.04–0.23) < 0.001
C-reactive proteina 1.01 (1.01–1.02) 0.002 1.01 (1.01–1.02) 0.001
RF IgM-positivea, b 0.96 (0.79–1.17) 0.67
Anti-CCP-positivea, b 0.90 (0.74–1.10) 0.30
Gluocorticoid usera, b 1.17 (0.94–1.48) 0.16
DMARD usera, b 1.04 (0.85–1.26) 0.71
NSAID usera, b 0.97 (0.80–1.19) 0.81
Ritchie scorea 1.01 (0.99–1.03) 0.21
HAQa 1.06 (0.90–1.24) 0.47
Sharp scorea 1.00 (0.99–1.02) 0.93
Disease durationa 0.99 (0.91–1.08) 0.82
Age × male gender 1.04 (1.02–1.05) < 0.001
R2 adjusted 0.23 < 0.05
aAge- and gender-adjusted; bdichotomized variable. anti-CCP, anti-cyclic citrullinated peptide antibody; DMARD, disease-modifying anti-rheumatic drug; HAQ, 
Stanford Health Assessment Questionnaire; NSAID, non-steroidal anti-inflammatory drug; NT-proBNP, N-terminal pro-brain natriuretic peptide; RF, rheumatoid factor; 
Ritchie score, Ritchie articular index; Sharp score, van der Heijde modified Sharp criteria.Available online http://arthritis-research.com/content/10/3/R70
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Table 3
Cross-sectional associations at the 10-year follow-up between NT-proBNP (dependent variable) and rheumatoid arthritis disease 
activity, controlling for cardiovascular risk factors
Adjusted linear regression Multivariate linear regression
β coefficients P value β coefficients P value
Age 1.04 (1.03–1.05) < 0.001 1.04 (1.03–1.05) < 0.001
Male gender 0.92 (0.64–1.31) 0.64 0.76 (0.53–1.04) 0.09
Body mass indexa 0.96 (0.93–0.98) 0.001
Atherogenic indexa 0.95 (0.86–1.04) 0.25
Creatininea 1.02 (1.01–1.02) 0.001 1.01 (1.00–1.02) 0.04
C-reactive proteina 1.01 (1.0–1.03) 0.06 1.02 (1.00–1.02) 0.03
RF IgM-positivea, b 0.92 (0.72–1.19) 0.53
Anti-CCP-positivea, b 1.14 (0.88–1.45) 0.33
Ritchie scorea 1.00 (0.99–1.01) 0.87
DAS28a 1.05 (0.96–1.16) 0.27
HAQa 1.15 (0.94–1.41) 0.17
Sharp scorea 1.002 (1.00–1.01) 0.17
Disease durationa 1.14 (1.02–1.27) 0.02 1.15 (1.03–1.27) 0.01
R2 adjusted 0.38 < 0.001
aAge- and gender-adjusted; bdichotomized variable. anti-CCP, anti-cyclic citrullinated peptide antibody; DAS28, disease activity score of 28 joints; HAQ, Stanford 
Health Assessment Questionnaire; NT-proBNP, N-terminal pro-brain natriuretic peptide; RF, rheumatoid factor; Ritchie score, Ritchie articular index; Sharp score, van 
der Heijde modified Sharp criteria.
Table 4
Mixed model repeated measure linear regression showing the association between NT-proBNP (dependent variable) and markers 
of disease activity and treatment
Adjusted linear regression (CI) Multivariate linear regression (CI)
β coefficients (CI) P value β coefficients (CI) P value
Age 1.03 (1.02–1.03) < 0.001 1.02 (1.01–1.02) < 0.001
Male gender 0.81 (0.64–1.01) 0.06 0.12 (0.05–0.26) < 0.001
C-reactive proteina 1.01 (1.01–1.02) < 0.001 1.01 (1.01–1.02) < 0.001
HAQa 1.12 (1.00–1.27) 0.06
Prednisolonea, b 1.20 (1.03–1.41) 0.02
NSAIDa, b 0.90 (0.79–1.04) 0.14
DMARDa, b 0.95 (0.83–1.09) 0.49
Sharp scorea 1.01 (1.00–1.01) 0.001
Ritchie scorea 1.01 (1.00–1.02) 0.01
Time 1.04 (1.03–1.06) < 0.001 1.03 (1.02–1.05) < 0.001
Time × male gender 1.04 (1.01–1.07) 0.01
Age × male gender 1.03 (1.02–1.05) 0.01
aAge- and gender-adjusted; bdichotomized variable. CI, confidence interval; DMARD, disease-modifying anti-rheumatic drug; HAQ, Stanford Health Assessment 
Questionnaire; NSAID, non-steroidal anti-inflammatory drug; NT-proBNP, N-terminal pro-brain natriuretic peptide; Ritchie score, Ritchie articular index; Sharp score, 
van der Heijde modified Sharp criteria.Arthritis Research & Therapy    Vol 10 No 3    Provan et al.
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arthritic disease, the failing heart itself may be invaded by
peripheral blood mononuclear cells that participate in left ven-
tricular remodelling. These and other inflammatory cells
release TNF-α and interleukin-6, thereby increasing CRP lev-
els through upregulation of hepatic synthesis [27].
The strength of the present study is the prospective longitudi-
nal design with regular clinical examinations, blood sampling
with subsequent batch analyses, and documentation of radio-
graphic progression. NT-proBNP has been shown to tolerate
routine laboratory handling and may be analyzed from frozen
sera [10,34]. The validity of our model is supported by the
association between NT-proBNP levels and self-reported
CVD. Furthermore, in agreement with previous studies, creat-
inine levels predict NT-proBNP in the final model. NT-proBNP
is metabolized in the renal proximal tubule, and reduced renal
function partially accounts for the age-related increase in NT-
proBNP levels in the general population [14,35]. We found
BMI to be inversely correlated with NT-proBNP levels in the
adjusted bivariate analyses although it did not reach signifi-
cance in the multivariate analysis. Other studies have con-
firmed the inverse relationship between BMI and NT-proBNP
levels [36].
This study has several shortcomings. Two hundred thirty-eight
patients were included at baseline, and 145 completed the
10-year follow-up. The small scale of this study is a limitation
in the analyses. CVD in RA was not a major focus when the
cohort was established, and information relating to cardiovas-
cular comorbidity, smoking, concomitant medication, blood
pressure, or BMI was not recorded at baseline. The presence
of CVD was recorded by a questionnaire at the 10-year follow-
up and we did not have the opportunity to verify the diagnosis
by searching the medical records. Cause of death for the 35
patients who died during the study was not recorded. Thus,
we considered that the data were not sufficiently robust to
allow an explorative analysis of how levels of NT-proBNP pre-
dict future CVD. However, the patients were requested to
report current medication. There was perfect agreement
between self-reported CVD and the reported prescription of
medication typically used to treat CVD, such as anti-hyperten-
sive drugs, anti-platelet agents, or nitrates, allowing for an
internal consistency check.
Conclusion
CRP levels were linearly associated with levels of NT-proBNP
in this cross-sectional and longitudinal study of 238 patients
with RA. Further studies are needed to elucidate how this
biomarker can be implemented in clinical decision making in
RA.
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